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This invention relates to improvements in the
preparation and use of solidified normally lig-
uid hydrocarbons. More particularly, the in-
vention pertains to improved hydrocarbon gel
compositions for use as hydraulic fracturing
media in producing channels in earth forma-
tions to increase the productivity of fluids from
strata traversed by an oil or gas well.

Gelled hydrocarbon liquids are of course known
in the prior art but such gels have employed dif-
ficult compounding conditions or could not be
formulated from liquid hydrocarbons of wide boil-
ing range by simple stirring or mixing of a gelling
agent at ambient temperatures. Previous at-
tempts to provide such a versatile gelling agent
for use in the presence of low-boiling normally
liquid hydrocarbons have therefore not been en-
tirely successful. Accordingly, it is a primary
object of my invention to provide a gelling agent
which is effective at ambient or ordinary tem-
peratures and which can be incorporated into
normally liquid hydrocarbons by simple mix-
ing or stirring to produce a stable gel or solid
fuel.

A specific object of the invention is to provide
a gelled hydroecarbon liquid which can be resolved
to a highly fluid state by simple and positive
means. A further object of my invention is to
provide a gelled hydrocarbon which is adapted to
withstand shipment without breakdown. An
additional object is to provide a gelled lammable
hydrocarbon which does not melt during burn-
Ing with consequent fire danger and improper
combustion. Another object is to provide a gelled
hydrocarbon which is adhesive and sufficiently
cohesive to be used as an incendiary.

A gelled hydrocarbon of the type to which this
invention relates is useful in the hydraulic frac-
turing of a formation traversed by a well. Re-
cently a process has been developed for hy-
draulic fracturing of selective formations to pro-
duce channels therein by pumping a viscous lig-
uid into the well and applying pressure to the
liquid which is subsequently removed prelimi-
nary to producing the well. Such a process is
described, for example, in the Oil and Gas Jour-
nal, vol. 47, No. 24, page 76 et seq. (October 14,
1948). 1In such a process it is important that the
hydraulic fluid does not penetrate into the for-
mation too rapidly because this would preclude
attaining the necessary fracturing pressure.
However, merely providing a viscous liquid is
not sufficient, since it is” necessary to remove
the hydraulic fluid from the fracture before pro-
ducing the well. If it is too viscous and stable a
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gel it tends to remain in the fracture and plug
the producing formation. Accordingly, it is the
object of this invention to provide a hydraulic
liquid which will not flow freely into the forma-
tion but which can nevertheless be reduced in vis-
cosity under controlled conditions.

A further object is to provide a gelled hydro-
carbon liquid, the gel characteristics of which
will be stable for several hours but which will
resolve to a liquid phase upon continuing contact
with the well formation.

An additional object of the invention is to pro-
vide a gelling agent for low viscosity hydrocar-
bon liquids which will produce & gel that is sta-
ble with respect to fluid loss when under pres-
sure. The foregoing and other objects of the
invention will become apparent as my description
thereof proceeds.

In general the body agent of this invention
comprises salts of aliphatic xanthates for use ag
hydrocarbon gelling agents. This gelling agent
is comprised of the metal salts of an aliphatic
xanthate of the structure:

o
R—é|)~O~C—SI\I
H

mn which R is a branched alkyl group of 12 to 24
carbon atoms and M is a metal of group I, II,
III or IV of the periodic table, preferably an al-
kali metal or aluminum. I have found that the
metal salts of alkyl xanthates, where R is a poly-
methyl alkyl group of 12 to 24 carbon atoms,
such as is produced by the oxo process, are par-
ticularly effective as gelling agents. As exam-
ples of these I may use sodium and potassium
tridecyl xanthate.

The polymethyl primary alcohols used in my
invention can be derived from polymethyl ole-
fins such as branched-chain propylene and bu-
tylene polymers produced by polymerization with
an acld-type catalyst; the polymers angd copoly-
mers being oxoated, i. e. reacted with CO and
H: over a cobalt catalyst, to produce aldehydes
of increased carbon chain length which are hy-~
drogenated in the same or a separate step to
the branched alcohols. Another source of the
polymethyl olefins for oxoation is the Cra—-Cas
olefin product of hydrocarbon synthesis from CO
and H over an iron catalyst.

The gelling agents which form the basis of my
invention may be prepared by a number of pro-
cedures from the polymethyl alcohol. One meth-
od of preparation is to react the selected alco-
holate, such as potassium tridecylate, directly
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with carbon disulfide. Another method of prep-
aration would be to react a polymethyl alcohol
having at least 12 carbon atoms to the molecule
with carbon disulfide and an alkali metal hy-
droxide to form the metal xanthate having the
polymethyl alkyl group. It is alse contemplated
that single metal xanthates may:.be derived from
a single polymethyl alcohol or from mixed al-
cohols. Furthermore, salts of mixed metals may
be employed with single or mixed polymethy] al-
cohols. Likewise, it is contemplated that xan-
thates produced from secondary and tertiary ali-
phatic alcohols having polymethyl groups: of 12

to 24 carbon atoms may be used~to prodiuce:the:

gelling agent, according to my invention. How-
ever, my invention is not directed.to the method
of preparing these xanthate salts from the poly-
methyl alcohol and these methods are given for
the purpose of example only, since the nretal

xanthates coming within my invention can be ¢

prepared by any of the known methods.

‘The normally liquid organic materials which
may be solidified, according to my invention, in-
clude petroleuin hydrecarbons stuch ag naphthas,

gasoline, kerosene, fuel oil distillates, and pure o

hydrocarbons such as benzens, toluene and xylene,
and higher koiling hydrocarbon fractions which
contain substantial proportions of relatively low-
boiling hydrocarbons which are dispersants ror
the gelling agent. Thus certain crude oils con-
taining lighter petroleum fractions can be gelled.

Between about 0.5.and .about 10 weight percent,
preferably. between about 3.and 5 weight percent,
of the metal polymethyl xanthate produces the
desired gel. Gelation .begins immediately when
stirred at ambient temperatures of between ahout
30 and 100° F. and the. peak gelation is:reached
in about 30 to about §0 minutes depending.on the
degree of .agitation. The lower limit of the tem-
perature is governed by the solubility of the xan-
thate in the particular liguid hydrocarbon and
the upper limit is set by the boiling point cf the
hydrocarbon.,

The potassium xanthates derived from the de-
fined branched-chain or polymethyl alcohols are
the best gelling agents, although the correspond-
ing sodium salts can be used in larger proportions
to produce satisfactory gels.. Ordinarily between
about 1 and 5 weighi perceni of the potassium
salt and between about.5 and 10 weight percent
of the sodium salt are adequate.

The- metal xanthates -identified in the- table
have been .derived from oxo alcohols as-indicated,
and have-been.suecessfully employed in gelling
gasoline by simple mixing. of about 2.0 percent
of the -xanthate with the gasoline at reom tem-
perature. The nonyl alcohol derivative-from oxo
codimer alcohol (CsHisOCS:2K) was hot effective
as a gelling agent.

Table

Potassium tridécyl xanthate, C1sH:wOCS:K, from
oxo propylene tetramer aleohol.

Potassium tetradecyl =xanthate, CuHaOCS:K,
from oxo alcohol produced from Ci3HCS olefin.

Potassium heptadecyl xanthate, CitHisOCSK,
from oxo aléohol produced from CisHCS oléfin.

Sodium - tridecyl xanthate, CiaHziOCS:N4, from
oxo propylene tetramer alcohol.

As specific examples of the above I have.taken

3 parts potassium tridecyl xanthate and 50 parts
benzene and formed a suspension by vigorous

stirring: To this wasadded-50 parts:naphtha: at-

room temperature. . The matérial set: at.once into
& stable: gel:

Heating thecgelon a-steam bath:
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served to clarify it but did not in any way impair
its unigue properties ag a solid.

My invention is further illustrated by an addi-
tional example wherein one part of potassium tri-
decyl xanthate was stirred vigorously with 20
parts of xylene. To this suspension was added 80
parts naphtha and. as in the preceding example a
stable gel was formed immediately.

Xanthates of alcohols having branched struc-
tures with polymethyl groups are effective for
producing & satisfactory xanthate salt which has
the desired gelling properties, Straight-chain
xanthate salts such as potassium hexadecyl xan-
thate and potassium n-tetradecyl xanthate were
tried and these would not gel hydrocarbons by
the usual procedure. of simple stirring at room
temperature. It was found, however, that if the
hexadecyl derivative and naphtha were sealed in
a Pyrex tube and heated to 130° C. or higher for
an hour and then rapidly cooled, a gel would be
formed. Buch gels, however, arve difficult to pre-
pave and are Inforior to those made from the
ranched-cliniy tvatives by zimpls stivring at
moderats i Alee, more of the
ctraieht.chain y"mhwt" iz 1fq1‘11°d to malke a

: than when the

qlrohul derivative.
t heavier hydrovarbon frac-
: ler Mo. 10 oil cannot be gelled
by ‘hc rTing of the xanthate gelling
agent into a quantity of the oil. However, a 50-50
mixture of such cil and naphtha can be gelled.
It is therefcre contemplated that a mutual dis-
persant. for the xanthate and for the organic
liguid to be gelled may be used. Thus the pelling
agent can ke dispersed in a ligquid such as ben-
zens and the ‘m;meneri dispersion added tp an-
other guantity of 2 less readily gelled organic
liguid for the gelation thereof.

The gels {ormed as described herein are -stable
to hea$ but cen he broken, as for example when
it iz desired to revert a sclid fuel to & liguid, by
m‘ynw 2 to 5 percent water with the gel. Sepa-

ate Hould phasss are produced with the xanthate
dlSaOI\ el in the liquid water. If the gel is merely
brought into contact \»ith water, the gel will
break in 2 to 15 hours and produce the liquid
phases, Thus, althouwh the produced gel is stable
at relatively high temperatures and small
amounts of water, its gel-like charaeteristics can
ba selectively reduced or destroyed when it is de-
sired to regain the liquid hydrocarbon.

Gels produced according to ‘my invention may
be used as solid fuels and lubricants, as military
incendiaries, and a hydraulie fluids. However, to-
liustrate the utility of my invention, I 'will de-
scribe it in conjunction with' a method and means
for hydraulicaily fracturing well formations.

In a typical operation, the zone or formation of
the well to be treated is isolated by one-or more
packers which may be of a mechanical or- hy=
draulic inflatable type. Hydraulic fracturing:
fiuid consisting of, for example, gascline which
has been gelled by the addition of a meta] xan-
thate is pumped into the isolated zone and pres-
sure applied to the fluid.

The gelling ecan be developed in the wall
Therefore, since the more viscous gels are diffiz
cult to pump, the xanthate and hydrocarbon-
liquid can be introduced separately into the well
by means of a flow-type mixer. The liquid and-
xanthate gelling agent gel rapidly while being
pumped through the tubing.and attain the de--
sired viscosity en route to the formation .to:be.

abitre.

”im;ﬁe

fractured. Pressure on the gel may be-applied:
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immediately to the formation or the gel may be
allowed to stand in the well until the maximum
gelation has developed.

Both viscosity and filter rate are indicative of
the ability of the fracturing fluid to resist pene-
tration of the formation prior to the fracturing
thereof. In genersl, with a given gel the viscosity
is reduced by the temperature of the formation
and this should be taken into consideration when
selecting the gel characteristics. Formation tem-
peratures may ordinarily range from about 100
to about 210° F., the average temperature usually
being in the range of about 140° ¥. Such tem-
perature conditions normally require gels having
bodying agents incorporated therein to the extent
of between about 0.5 and 10 weight percent. I
have found that a 5 weight percent potassium
tridecyl xanthate gel of naphtha remains stable
after one-hali hour’s heating at 212° F. which is
more severe than the average well condition.

1f desired, the gelled fiuid may contain a solid
fracture propping agent so that once a fracture
is formed in the formation its closing is pre-
vented by the propping agent and a channel
which is permeable to the well fiuid is produced.
Suitable propping agents are materials such as
plaster sand or other finely divided props having
a particle size of about 16 mesh. Between about
0.5 and about 10 pounds of such propping agent
can be added to each gallon of viscous gel.

Whether the gel contains props or not, when
it is placed opposite the formation it tends to
stay within the well and upon continued pump-
ing of a fluid into the well high pressure is built
up due to the gel’s inability to penetrate the
formation at a rapid rate. Sufficient pressure,
e. g. 1000 to about 3000 p. s. i. or as high as 15,000
p. s. i. is applied to the gelled fluid within the
well until the “formation breakdown pressure” is
reached. Ordinarily this breakdown pressure is
equal in pounds per square ineh to about 0.8
times the depth of the formation in feet. The
following liquid may be ungelled gasoline, crude
oil, or water separated from the gel by a gel pro-
tecting quantity of liquid which may be & mutual
solvent for the gel and water.

When the formation breakdown pressure has
been exceeded, the surface pressure decreases
abruptly and indicates that the fracture has been
produced. The gel may then be broken in situ
by treatment with a gel breaker such as 3% to 5%
water which reduces the gel viscosity and causes
the hydrocarbon portion of the gel to become &
liquid which can be readily withdrawn from the
formation. Where sufficlent time is available the
connate water of a formation is sufficient to
cause the gel to break over a period of two to
ten hours in contact with the connate water.
Ordinarily, however, it may be preferred to de-
stroy the gel properties by positive injection of
an agueous medium into the fractured formation.

Although I have described my invention in
terms of specific examples which are set forth
in considerable detail, it should be understood
that these are by way of illustration only and
that the invention is not limited thereto, since
alternative embodiments and operating tech-
niques will become apparent to those skilled in
the art in view of my disclosure. Accordingly,
modifications of my invention are coniemplated
without departing from the spirit of the described
invention or the scope of the appended claims.

What I claim is:
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1. A gelled hydrocarbon comprising a normally
liquid hydrocarbon and between about 0.5 and
about 10 weight percent of a metal salt of an
aliphatic xanthate of the structure

H 8
R——é-—-O—g——SM

wherein R is a branched alkyl group of from 12
to 24 carbon atoms and M is a metal selected from
Groups I, II, III and IV of the periodic table.

2. The gelled hydrocarbon of claim 1 in which
the salt is potassium tridecyl xanthate.

3. A gelled liquid hydrocarbon of high viscosity
which comprises a volatile liquid hydrocarbon
and between about 0.5 and 10.0 weight percent of
a gelling agent consisting essentially of a srlt of
an aliphatic xanthate having a polymethyl alkyl
group containing between about 12 and 25 carbon
atoms.

4, An improved hydrocarbon gel comprising
gasoline and a gelling proportion of a metal salt
of an aliphatic xanthate, the alkyl radical of
which is a branched group containing between
about 12 and 25 carbon atoms.

5. An improved hydrocarbon gel comprising a
petroleum fraction predominating in constituents
boiling below about 400° F. and an amount of an
alkyl metal salt of an aliphatic xanthate sufilcient
to gel said fraction, the alkyl radical of the
xanthate being a polymethyl group containing
between about 12 and 25 carbon atoms.

6. The method of solidifying a normally liquid
inflammable hydrocarbon which comprises add-
ing to such liquid hydrocarbon a polymethyl ali-
phatic xanthate salt of an alkali metal in an
amount sufficient to solidify the liquid hydro-
carbon, and stirring said normally liquid hydro-
carbon and aliphatic xanthate sali to form a
stable gel, said polymethyl aliphatic xanthate
having an alkyl group containing between about
12 and 25 carbon atoms.

7. The method of gelling a normally liquid
hydrocarbon which comprises adding to such
hydrocarbon between about 0.5 and 10 weight
percent potassium tridecyl xanthate, and stir-
ring the resultant mixture at ambient tempera-
ture until a gel of the desired characteristics
is obtained.

8. The method of claim 7 wherein the hydro-
carbon is a naphtha and about 5 weight percent
potassium tridecyl xanthate is used.

ROBERT M. ALM.
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